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© Gufdewlre for medical use. 



© A structure, comprising: an elongated, flexible 
inner element and a substantially water insoluble, 
biocompatible 'sheath disposed over, the inner ele- 
ment the structure having- a substantially uniform 
cross-section, being substantially solid, and sized 
and shaped for insertion into the body of a medical 
patient, the inner element having a . reduced ten- 
dency to creep relative to the sheath, and the sheath 
having increased softness relative to the inner ele- 
ment 
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GU1DEWIRE FOR MEDICAL USE 



Background of the Invention 

This invention relates to a structure useful as a 
guidewire for medical purposes. More particularly, 
the invention relates to a structure with anti-creep 
properties and suitable softness, and preferably 
substantial torque control, usable as a guidewire in 
connection with medical treatments. 

Guidewires are often utilized in placing cath- 
eters and other implements into the bodies, e.g., 
blood vessels, various cavities and the like, of 
medical patients. Such guidewires may have to be 
manipulated through long and tortuous paths. They 
must have sufficient column strength to be able to 
direct the implement to be placed in the patient's 
body while, at the same time, being flexible enough 
to negotiate the often tortuous path and being soft 
enough to avoid unduly damaging or injuring the 
path. 

One problem which has plagued guidewire 
constructions, especially all plastic guidewire con- 
structions, is the phenomenon called , "creep". This 
is defined as the susceptibility of a material, e.g., a 
plastic material, to become deformed by the ap- 
plication of a low level force over a long period of 
time. An example of this creep property is the 
"set'" that plastic tubing often assumes after being 
coiled in a box. Upon removal from the box, the 
length of . tubing will maintain its . coiled configura- 
tion to some extent. It is desirable, e.g., in order 
that the guidewire have good ability to be de- 
formed as desired to pass through the body, that 
the guidewire has a reduced tendency to creep or 
an enhanced anti-creep property. 

The term "torque control" as used herein re- 
fers to the ability of a guidewire to transmit twisting 
forces along its length, and satisfactory guidewire 
performance often depends on this ability. Satisfac- 
tory torque control enables carefully controlled ma- 
neuvering of the guidewire within the patient's body 
by skilled manipulations at the guidewire's proximal 
end. Thus, torque control is important and in- 
creases in torque control are advantageous. 

A number of guidewire constructions have pre- 
viously been suggested. For example, Herlitze U.S. 
Patent 4,504,268 discloses a stiffening rod for a 
catheter comprising at least one resilient, high ten- 
sile strength multifilament strand, made of non- 
rusting steel, embedded in a plastic rod having a 
high percentage of x-ray contrast material to make 
it easier to detect the catheter by x-ray. Herlitze 
teaches that the high tensile strength filaments, 
which are placed in the center of the stiffener 
without being bound together, impart high tensile 



strength to the rod and reduce the probability of 
the rod breaking. However, since the filaments are 
separate and not a unitary structure, torque control 
of the Herlitze stiffener may not be acceptable. 

5 Also, since the filaments are not bound together, 
hollow areas and inconsistencies in strength, i.e., 
weak spots, along the length of the stiffener may 
be troublesome. Herlitze is concerned with x-ray 
detection of the catheter and not with the anti- 

70 creep properties or torque control of the stiffener. 

Yoshimura, et al U.S. Patent 4,345.602 dis- 
closes a vascular guidewire which has a varied 
structure,, ; i.e., a varied cross-section, along its 
length. This device includes a tip part, a flexible 

15 part, a tapering part and a manipulating part, with 
each part having its own structural characteristics. 
An x-ray impermeable material, such as a tungsten 
wire, is inserted into the hollow of the manipulating 
part for Imparting proper toughness and rigidity to 

20 this part. The relatively complex, variable structure 
of the Yoshimura et al, guidewire is relatively dif- 
ficult* and expensive to manufacture. Further, 
Yoshimura, et al is not concerned with the anti- 
, creep properties of the guidewire. 

25 Beal U.S. Patent 4.257,421 discloses a flexible 
, rod formed by applying water soluble USP gelatin 
to a multi-strand nylon thread base in. a spiral -twist. 
: The . water soluble coating allows ; the rod \ to be 
removed from the tube, which, it is used to $ace in 

30,; a patient's, body, .by- dissolving the gelatih. the 
^ , gelatin coating, in its undissolved state is less 
.. flexible than the nylon thread base. Beal focuses 
r on ease of removing the rod after use rather than 
on anti-creep and torque control properties. 

35 n r There continues to be a need for a guidewire 
construction which has enhanced anti-creep prop- 
erties, and preferably increased torque control. 



40 Summary of the Invention 

A new composite structure useful in medical 
guidewire construction has been discovered. This 
structure has a reduced tendency to creep as 

45 opposed to previous guidewires, e.g., single plastic 
material guidewires, while being sufficiently soft, 
e.g., at its outer surface, to substantially avoid 
undue injury to the medical patient during use. 
Also, the structure preferably exhibits increased 

so torque control properties. 

In one broad aspect, the present structure 
comprises an elongated, flexible inner element and 
a substantially water insoluble, biocompatible 
sheath disposed over the inner element. The struc- 
ture has a substantially uniform cross-section, e.g., 
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as opposed to the variable cross-section of the 
guidewire described in the Yoshimura, et a! patent 
noted above. In addition the structure is substan- 
tially solid, e.g., does not have the internal gaps 
inherent in the unbound filaments of the Herlitze 
stiffener, described above. For example, in the 
event the inner element comprises a plurality of 
filaments, e.g., monofilaments, it is preferred that 
such filaments be bonded together, thereby avoid- 
ing internal gaps which may lead to weak spots 
and/or loss in torque control. 

The present structure is sized and shaped for 
insertion into the body of. a medical patient. Thus, 
depending on the intended use of the guidewire, 
the cross-section of the present structure can be 
chosen to accommodate such intended use. The 
inner element has a reduced tendency to creep 
relative to the sheath, while the sheath has in- 
creased softness relative to the inner element. In 
this manner, the present structure is provided with 
anti-creep properties, e.g., from the inner element, 
while also having a biocompatible and relatively 
soft outer surface, e.g., from the outer sheath. 

The term "guidewire" as used herein refers to 
any one of a multitude of components useful in 
placing various implements within the body of a 
medical patient For example, such term includes 
guidewires, stiffening rods, introducers and the like 
.which are useful in placing catheters, balloons and 
the like in the cardiovascular and other systems of 
medical patients. While the term "guidewire" is 
meant generally in this broad context, the present 
structure is particularly useful as a guidewire or 
stiffening rod in placing catheters. 

The inner element has relatively high tensile 
strength. This feature aids in giving the present 
structure the desired degree of strength and stiff- 
ness, and also aids in achieving torque control. The 
inner element in general is less flexible than the 
outer sheath and preferably has a modulus in flex- 
ure of at least about five hundred thousand 
(500,000) pounds per square inch (psi), more pref- 
erably at least about one million (1,000,000) psi. 

As noted above, In one embodiment the inner 
element is made up of a plurality of filaments 
which are preferably bonded together, to form a 
solid inner element. The individual filaments which 
make up the inner element may be made of the 
same material or different materials, preferably the 
same material, and may have the same cross- 
section area or different cross-sectional areas, pref- 
erably substantially the same cross-sectional area. 
The filaments may be made of any one or more 
suitable materials, provided that such filaments are 
capable of functioning as described herein. 

The filaments are preferably made of a ma- 
terial selected from the group consisting of metal, 
glass, graphite, organic polymer and mixtures 



thereof. Each such monofilament preferably has a 
modulus in flexure similar to such modulus for the 
inner element as a whole. 

In one particularly useful embodiment, the 

5 monofilaments are made of organic polymer ma- 
terials, especially such materials which are com- 
monly termed "liquid crystalline polymers". In an- 
other useful embodiment, the entire inner element 
is made of such liquid crystalline polymer materi- 

io als. Such polymers are described in "Recent Ad- 
vances in Liquid Crystalline Polymers", edited by 
L. Lawrence Chapoy, Elsevier Applied Science 
Publishers, London and New York (1985). 

In brief, liquid crystalline polymers are materi- 

T5 als which show a degree of crystallinity in the 
molten state. These materials are highly crystalline 
in the solid state, and often can be molecularly 
oriented, e.g., by extrusion, to form components 
having very high strengths. Among the liquid cry- 

20 stalline polymers are certain polyesters, 
polyamides and polyurethanes. The liquid crystal- 
line polyesters include^, for example, certain mono- 
and co-polyesters made from aromatic dlols, ar- 
omatic dicarboxylic acids, and aromatic mono- 

25 hydroxy mono-carboxylic acid compounds. Liquid 
crystalline polyamides : include for example, poly 
(1 ,4-benzamide). poly(2,6-naphthalene, poly (trans- 
1 ,4-cyclohexylene), and poly (p.p'-biphenylene). 
One preferred group of liquid crystalline polymer 

30 for use in the present invention is one or more of 
_the liquid crystalline polyesters. 
r The liquid crystalline pojymer ^ is- preferably ori- 
ented relative to the longitudinal axis of the inner 
element: This can often be easily accomplished by 

as extruding the liquid crystalline polymer inner ele- 
ment or the liquid crystalline polymer filament used 
in constructing the inner element Such extrusion 
acts to orient the liquid crystalline polymer in the 
direction of the longitudinal axis of the inner ele- 

40-. ment This gives the inner element added strength 
and stiffness. This orientation is particularly effec- 
tive in reducing the tendency of the present struc- 
ture to creep. 

The filaments included in the inner element, if 

45 any, are preferably bonded together, to form a 
substantially solid inner element Although any suit- 
able binding may be employed, it is preferred to 
use an organic polymeric material capable of wet- 
ting or intimately contacting the filaments as a 

so binding agent. It is important to use an organic 
polymeric material capable of wetting the filaments 
so that all of the filaments are bonded together as 
a single composite. This adds strength to the 
present structure. The binding agent is chosen 

55 based on, for exampie,the monofilaments to be 
bound together and the nature of the outer sheath. 
Both thermoplastic and thermoset polymers may 
be employed. However, thermoset polymers are 
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preferred because of their superior wetting prop- 
erties. One particularly useful binding agent is a 
thermoset polymer system comprising a two part, 
unsaturated polyester, such as' that sold under the 
trademark Polystal by Mobay Chemical Co. 

In certain instances, it may be desirable to 
positively secure, preferably adhesively secure, the 
inner element to the outer sheath. Such secure- 
ment may be accomplished in any suitable man- 
ner. For example, any suitable adhesive, which is. 
compatible with both the inner element and the 
outer sheath, and has no substantial detrimental 
effect of the application in which the structure is 
used, may be employed.. One particularly useful 
adhesive is an extrudable hot melt adhesive ma- 
teria!, such as various copolymers of ethylene and 
vinyl acetate. If an . adhesive is employed it is 
preferably located between the inner element and 
< the sheath and acts to adhesively secure the inner 
element to the sheath. 

The elongated inner element may have any 
suitable, preferably a substantially uniform, cross- 
section. For example, the inner element may be 
circular, triangular, 1 rectangular and the like in 
cross^section. The inner element preferably has a 
cross-section configuration which provides the 
structure with increased torque control relative to 
an inner element having a circular cross-section of 
the same area and made of the same material. In 
one particularly useful embodiment, the inner ele- 
ment is generally star shaped in cross-section. In 
another useful embodiment, the inner element has 
a cross-section such that a plurality of lobes e>ttend 
outwardly from the center of the inner element. 
Such star shaped and multi-lobed inner elements 
have been found to ^provide increased torque con- 
trol relative to an inner element have a circular 
cross- section of the same area and made of the 
same material. As noted above, torque control is 
highly desirable in order that the present structure 
can be manipulated, through an often tortuous 
path, to a desired location in the body of a medical 
patient. 

The present sheath is biocompatible and has 
increased softness relative to the inner element. 
The sheath is biocompatible so that no undue 
adverse reaction is caused by the presence of the 
structure in the body of the medical patient The 
relative softness of the sheath acts to avoid any 
undue trauma in the medical patient's body as a 
result of the movement of the structure. The sheath 
is also substantially water insoluble. Any suitable 
material may be used to construct the outer 
sheath. Examples of such materials include 
polyolefins, such as polyethylene, poly- 
tetrafluoroethylene, polyester-polyamide 
copolymers, polyurethanes and the like. 

The present structure may be produced in any 



suitable manner. Extrusion, and in particular coex- 
trusion of the inner element and sheath, is an 
especially useful method of producing the present 
" structure. Extrusion is particularly preferred when 

s the inner element is composed of one or more 
liquid crystal polymers, since the force of the ex- 
trusion process aids in orienting the liquid crystal 
polymer alone the longitudinal axis of the inner 
element, thus increasing the strength of the inner 

10 element. 

These and other objects and advantages of the 
present invention are set forth in the following 
detailed description and claims, particularly when 
considered in conjunction with the accompanying 

is drawings in which like parts bear like reference 
numerals. 



Brief Description of the Drawings * 
20 ; .i 

Fig. 1 is a 1 plan view of one embodiment of a 
medical-guidewire in accordance with the present 
invention. \ ■ 

Fig. 2 is an enlarged cross-section taken 
25 along line 2-2 of Fig. 1. 

Fig. 3 is : an enlarged cross-section of an 
alternate embodiment of the present structure: 

Rg. 4 is an enlarged cross-section . of a fur- 
ther alternate embodiment of the present structure. 
30 Rg.^5 is a further enlarged partial view of the 

cross-section of a still further alternate embodiment 
of the present structure. - 
5 Rg. 6 is an enlarged view of the -cross*.. 
; section of another embodiment -of the present in- 
35 vention. . \ 

Detailed Description of the Drawings 

40 Referring to the drawings, and particularly to 
Figs. 1 and 2, a new medical guidewire 10 is 
shown. Guidewire 10 includes a guidewire body 12. 
illustrated foreshortened for convenience, that ex- 
tends from a proximal end portion 14 or within a 

45 proximal fitting 15 to a distal end portion 16 termi- 
nating at a distal end 18. 

The guidewire body 12 has a substantially uni- 
form cross-section from proximal end portion 14 to 
distal end portion 16. Guidewire body 12 includes a 

so relatively soft outer sheath 20, a generally star- 
shaped (cross-section) inner element 22, and an 
adhesive layer 24 therebetween. Outer sheath 20 
and inner element 22 are coaxial, that is these 
components have the same longitudinal axis. Outer 

55 sheath 20 is substantially water insoluble, biocom- 
patible and is made of polyethylene. The relatively 
soft, biocompatible outer sheath allows the 
guidewire 10 to be introduced into the body of a 
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medical patient without causing undue discomfort 
or trauma to the patient Inner element 22 has a 
reduced tendency to creep relative to outer sheath 
20. In the embodiment shown in Figs. 1 and 2, 
inner element 22 is made of a liquid crystalline 
polyester polymer (LCPP). To" add "to "the inherently 
high tensile strength of the LCPP, guidewire 10 is 
formed by extrusion. White being passed through 
the extrusion dye, the molecules of the LCPP be- 
come aligned or oriented relative to the longitudinal 
axis of the inner element 22. This orientation not 
only adds to the strength of the inner element 22, 
but also reduces the tendency of the inner element 
22 to creep. 

Adhesive layer 24 bonds outer sheath 20 to the 
Inner element 22 and may be any suitable material 
capable of performing this function, e.g., an 
ethylene-vinyl acetate copolymer. 

In the embodiment shown in Figs. 1 and 2, 
inner element 22 has a star-shaped cross-section, 
while outer sheath has a generally circular 
cylindrically-shaped outer surface. The ribs 26a-f of 
the star shaped inner element 22 extend radially 
outwardly at equidistantly spaced apart locations 
from the center of inner element 22. The ribs 26a-f 
facilitate superior, e.g., more durable, bonding be* 
tween outer sheath 20 and inner element 22. Fur- 
ther, ribs 26a-f provide guidewire 10 with increased 
torque control relative to a guidewire having- a '„ 
similar configuration but with an inner element hav- c 
ing a circular cross-section. 

Guidewire 10 is solid throughout and can be 
appropriately sized to form various functions, e.g., 
as a guidewire or stiffening rod to place a catheter 
in a desired location in the body of a medical 
patient, as an introducer to. assist in introducing 
another implement of medical treatment equipment 
into the body of a medical patient and the like. 
Guidewire 10 has a very attractive combination of 
properties. It has a relatively simple structure which 
is substantially solid and easy to produce, e.g., by 
extrusion. The relatively soft, biocompatible outer 
sheath 20 allows guidewire 10 to be used in tor- 
tuous paths in the body of a medical patient with- 
out causing undue discomfort and trauma to the 
patient. Inner element 22 has substantial strength, 
thus reducing the risk of breakage. In addition, the 
anti-creep properties of the inner element 22 give 
the guidewire 10 the capability to be bent in var- 
ious directions to successfully navigate through tor- 
tuous paths in medical patient's bodies. Further, 
the increased torque control of the inner element 
22 allows one to maneuver guidewire 10 through 
such tortuous paths by applying torque forces to 
proximal end portion 14 and/or proximal fitting 15. 

Another guidewire 110, constructed in accor- 
dance with the present invention, is illustrated in 
Fig. 3. Guidewire 110 employs an inner element 



122 having a different cross-sectional shape than 
inner element 22 of guidewire 10, and no adhesive 
layer, comparable to adhesive layer 24 in guidewire 
10, is utilized in guidewire 110^ Otherwise, 
5 . guidewire 110 is generally "similar to 'guidewire 10 
so that only the dissimilar aspects of guidewire 1 10 
are described. For convenience, reference numer- 
als in Fig. 3 are increased by one hundred over 
those designating similar features of guidewire 10 
w in Figs. 1 and 2. 

Inner element 122 of guidewire 110 has a 
triangular shaped cross-section. The three points 
28a-e of the triangle are equidistantly spaced radi- 
ally from the center of inner element 122. This 
75 triangularly shaped inner element 122 provides 
guidewire 110 with increased torque control relative 
to a guidewire having a similar inner element with a 
• circular cross-section. Care should be exercised in 
selecting the materials used In outer sheath 120 
20 ■ and inner element 122 so that a satisfactory bond 
between these two elements, without a separate 
adhesive layer, is achieved. 

Guidewire 110 functions in much the same 
manner as does guidewire 10. 
25 An additional guidewire 210, constructed in ac- 
, cordance with the present invention, is illustrated in 
Figs. 4 and 5. Guidewire 210 employs an inner 
. element .222 having a different construction and a 
different cross-sectional shape : than inner element 
30 ; 22 of guidewire 10. and no adhesive layer, cjqn- 
f parable to adhesive layer 24 in guidewire 10, is 
' utilized in .guidewire 210... Otherwise, guidewire 210 
. -.. is generally similar to guidewire 10 so that only the 
? dissimilar aspects ;Of guidewire 210 are described. 
35 t< For convenience, reference numerals in Figs. 4 and 
5 are increased by two hundred over those des- 
ignating similar features of guidewire 10 in Figs. 1 
and 2. 

dinner element 222 of guidewire 210 has a 

40 .square; shaped cross-section. The four corners 30a- 
d of the square are equidistantly spaced radially 
from the center of inner element 222. A plurality of 
monofilaments 32, made from LCPP, are embed- 
ded in a thermoset polymeric material 34, such as 

45 a two part polyester system sold under the trade- 
mark Polystal by Mobay Chemical Company. The 
thermoset polymeric material 34 in the molten state 
has the ability to wet monofilaments 34 so that the 
inner element 222, made up of monofilaments 32 

so and thermoset polymeric material 34, is substan- 
tially solid with no significant gaps between any of 
the monofilaments 32 and the thermoset polymeric 
material 234. Preferably, the monofilaments 32 of 
LCPP are individually extruded to provide orienta- 

55 tion along the longitudinal axis of the monofilament. 
Guidewire 210 can be produced by extrusion. In 
the embodiment shown in Figs. 4 and 5, thermoset 
polymeric material 34 has the ability to bond to 
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outer sheath 220 without a separate adhesive layer. 
However, it is within the scope of the present 
invention to include an adhesive layer, e.g., of 
ethylene-vinyl acetate copolymer adhesive, be- 
tween outer sheath 220 and inner, element -222 to- 
provide bonding between these two components, 

Guidewire 210 functions in much the same 
manner as does guidewire 10. The square cross- 
section of inner element 222 provides improved 
torque control relative to a similar inner element 
with a circular cross-section. 

It should be noted that the LCPP monofila- 
ments 32 can be replaced by monofilaments made 
of one or more other materials, such as metal, 
glass, graphite, organic polymer and the like. It is 
preferred that the monofilaments be bonded to- 
gether' to form a unitary, substantially solid inner 
element. This feature promotes strength and pro- 
vides more consistent and predictable movement, 
e.g., in response to torque forces applied to proxi- 
mal end portion' 14 and a proximal fitting 15, as the 
guidewire is inserted into the body of a medical 
patient. 

Another giiidewire 310, constructed in accor- 
dance with the present invention, is illustrated in 
Fig. 6. Guidewire 310 employs an inner element 
322 having* a different cross-sectional shape than 
inner element 22 of guidewire 10, and no adhesive 
layer, comparable to adhesive layer 24 of 
guidewire 10, is utilized in guidewire 310. Other- 
wise, guidewire 310 : is generally similar to 
guidewire 10 so that only the dissimilar aspects of 
guidewire 310 are described. For convenience, ref- 
erence numerals in Fig. 6 are increased" by three 
hundred over those designating similar features of 
guidewire 10 in* Figs. 1 and 2. 

inner element 322 of guidewire 310 has a 
multi-lobed cross-section. The four lobes 36a-d of 
inner element 322 are equidistantly spaced radially 
from the center of inner element 310. This multi- 
lobed inner element 322 provides guidewire 310 
with increased torque control relative to a guidewire 
having a similar inner element with a circular cross- 
section. Care should be exercised In selecting the 
materials used in the outer sheath 32Q and inner 
element 322 so that a satisfactory bond between 
these two components, without a separate adhesive 
layer is achieved. 

Guidewire 310 functions in much the same 
manner as does guidewire 10. 

While this invention has been described with 
respect to various specific examples and embodi- 
ments, it is to be understood that the invention is 
not limited thereto and that it can be variously 
practiced within the scope of the following claims. 



Claims 

1 . A medical guidewire comprising: 

an elongated,, flexible inner element and a substan- 
5 tlally water insoluble, biocompatible sheath dispos- 
ed over said inner element, said medical guidewire 
having a substantially uniform cross-section, being 
substantially solid, and sized and shaped for inser- 
tion into the body of a medical patient, said inner 
io element having a reduced tendency to creep rela- 
tive to said sheath, and said sheath having in- 
creased softness relative to said inner element. 

2. The medical guidewire of claim 1 wherein 
said inner element comprises a material selected 

T5 from the group consisting of metal, glass, graphite, 
organic polymer and mixture thereof. 

3. The medical guidewire of any of claims 1 or 
2 wherein said inner element comprises a plurality 
of filaments which are bonded together. 

20 ,.• . 4. The medical guidewire of any of claims 1, 2 
or 3 wherein said inner element has a modulus in 
flexure of at least about 500,000 psi. 

5. The medical guidewire of any of claims 1 , 2, 
3: or 4 wherein said inner element comprises or- 

25. ganic polymer. 

6. The medical guidewire of claim 5 wherein, 
said organic polymer is at least one liquid cry- 
stalline polymer. 

7. The medical guidewire of claim 6 wherein 
30 said liquid crystalline polymer is oriented relative to 

the longitudinal axis of said inner element. 

8. The medical guidewire of any of claims 6 or 
7 wherein the liquid crystalline polymer is a pplyes- 

,-■ ter. - • ' ■'■ ^ : '. 
35> 9. The medical catheter of any of claims 1, 2, ; 
3, 4, 5, 6, 7 or 8 wherein said inner element is 
substantially rectangular in cross-section, 
v } -\: 10. The medical catheter of any of claims 1 , 2, 
is - 3, 4, 5, 8, 7 of 8 wherein said inner element is 
40 , generally star shaped in cross-section. 

11. The medical catheter of any of claims 1, 2, 
3, 4, 5, 6, 7 or 8 wherein said inner element has a 
cross-section such that a plurality of lobes extend 
outwardly from the center of said inner element 

45 
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